Soil microbial community structure is an effective indicator to reflect changes in soil 26 quality. Little is known about the effect of alpine meadow degradation on the soil 27 bacterial and fungal community. In this study, we used the Illumina MiSeq 28 sequencing method to analyze the microbial community structure of alpine meadow 29 soil in five different degradation levels (i.e., non-degraded (ND), slightly degraded 30 (LD), moderately degraded (MD), severely degraded (SD), and very severely 31 degraded (VD)) in the Qinghai-Tibet Plateau. Proteobacteria, Actinobacteria, and 32 Acidobacteria were the mainly bacterial phyla in meadow soil across all five 33 degradation levels investigated. Basidiomycota was the mainly fungal phylum in ND; 34 however, we found a shift from Basidiomycota to Ascomycota with an increase 35 (severity) in degradation level. The overall proportion of Cortinariaceae exhibited 36 high fungal variability, and reads were highest in ND (62.80%). Heatmaps of bacterial 37 genera and fungal families showed a two-cluster sample division on a genus/family 38 level: (1) an ND and LD group and (2) an SD, VD, and MD group. Redundancy 39 analysis (RDA) showed that 79.7%and 71.3% of the variance in bacterial and fungal 40 composition, respectively, could be explained by soil nutrient conditions (soil organic 41 carbon, total nitrogen, and moisture) and plant properties (below-ground biomass).
Introduction 46
The Qinghai-Tibet Plateau (QTP) has an area over 250×10 4 km 2 within China and is 47 and quantitated, the PCR products were sequenced using the Illumina Miseq platform. 142 The 16s and ITS1 rRNA gene sequences associated this study were submitted to 143 the National Center for Biotechnology Information (NCBI) Sequence Read Archive 144 (SRA) (accession no. PRJNA490659).
145
Data analysis 146 The QIIME (version 1.8.0) was used to estimate α-diversity (i.e. Chao1, Shannon, and Plant coverage in MD, SD, and VD decreased significantly (P < 0.05) by 32.48%, 158 17.52%, and 84.67% compared to ND and by 38. 13%, 24.42%, and 85.95%, 159 respectively, compared to LD (Table 1) . Plant AGB in MD, SD, and VD significantly 160 (P <0.05) decreased by 47.09%, 51.60%, and 84.14%, respectively, compared to LD 161 (Table 1) . Plant BGB in SD and VD also significantly decreased by 60.43% and 162 67.12% compared to ND and by 59.67% and 66.49% in SD and compared to LD, 163 respectively ( Table 1) . The ND and LD sites not exhibited a significant differ in plant 164 coverage, AGB, or BGB (Table 1) . There was no significant change in species 165 richness (SR) and plant height throughout the whole degradation process (Table 1) .
166
For plant group, sedge biomass in SD and VD significantly decreased compared to 167 LD, but we found no significant change in the biomass/proportion of graminoids and 168 forbs as degradation severity increased (Table 2) . Soil TN, SOC, NO 3 --N, NH 4 + -N, and SM content decreased significantly in MD, 170 SD, and VD compared to ND, but BD exhibited the opposite response pattern (Table   171 3). In MD, there were significant decreases in soil TN, SOC, NO 3 --N, NH 4 + -N, and 172 SM by 62. 20%, 67.75%, 48.40%, 47.94%, and 43.57%, respectively, compared to ND 173 (Table 3) ; in SD, the content of soil TN, SOC, NO 3 --N, NH 4 + -N, and SM decreased 174 significantly by 65.35%, 67.11%, 60.34%, 50.09%, and 65.66%, respectively, 175 compared to ND (Table 3 ); in VD, there were significant decreases in soil TN, SOC, 176 NO 3 --N, NH 4 + -N, and SM by 70. 08%, 76.16%, 57.64%, 43.25%, and 66.72%, 177 respectively, compared to ND (Table 3) . However, soil BD increased significantly (P 178 < 0.05) by 37.14%, 28.57%, and 47.14% in MD, SD, and VD, respectively, compared 179 to ND (Table 3) . We found no significant difference in SOC, TN, NO 3 --N, NH 4 + -N, 180 SM, and BD between ND and LD (Table 3) . for all samples at a 3% genetic distance. The progression of rarefaction curves 189 (99.01%-99.26%; Good's coverage) was very close for all samples (S1 Table) .
190
For fungi, LD also yielded the highest richness value (Chao1 = 645.85), followed 191 by VD (Chao1 = 575.29), and ND yielded the lowest richness value (Chao1 = 517.94).
192
VD yielded the highest diversity value (Shannon = 6.38), however, ND yielded the 193 lowest diversity value (Shannon =3.13). The number of OTUs ranged from 423 to 564 194 in the samples, for which LD had the highest one and ND the lowest (S1 Table) .
195
Taxonomic composition based on MiSeq sequencing 196 Bacterial OTUs could be assigned to 28 phyla, 156 families, and 170 genera. In total, 197 20 different phyla (Proteobacteria, Acidobacteria, Actinobacteria, Bacteroidetes, 198 Chloroflexi, Gemmatimonadetes, Verrucomicrobia, etc.) out of the 28 total bacterial 199 phylotypes were common to the five libraries (Fig 2A) , contributing from 99.84%, 
217
The fungal communities were assigned to 8 phyla, 78 families, and 138 genera.
218
Ascomycota was the most dominant division, comprising 34.52% (339) of the OTUs 219 and 44.43% of the total reads ( Fig 3A) . Basidiomycota was the second largest division, 220 with 12.63% (124) of the OTUs and 29.92% of the total reads. These two phyla 221 collectively accounted for 95.88%, 72.04%, 64.78%, 74.50%, and 64.55% of the total 222 reads in ND, LD, MD, SD, and VD, respectively ( Fig 3A) VD had the highest read value ( Fig 3A) . 230 On a family level, we found abundant unidentified fungal sequences in each 231 sample. The total relative abundance of unidentified fungi in ND, LD, MD, SD, and 232 VD were 9.65%, 40.06%, 46.40%, 43.89%, and 37.19%, respectively ( Fig 3B) . In order to analyze microbial community similarity among the five mixed samples, 243 we generated heatmaps applying hierarchical cluster analysis. For bacteria, the 244 heatmap ( Fig 4A) was based on the top 20 abundant bacterial genera. The heatmap 245 showed a two-sample cluster division. The first cluster was the ND and LD group, 246 and the second cluster was the SD and VD group, which first clustered together 247 before clustering with MD, resulting in the second SD, VD, and MD group. Results 248 from PCA also showed that the bacterial communities of SD and VD grouped to the 249 left of the graph along the PC1 axis, accounting for 41.08% of total variation, whereas 250 ND and LD grouped along the PC2 axis, with a total variance of 31.92% (Fig 5A) .
251
For fungi, the heatmap ( Fig 4B) was based on the top 20 fungal families. The figure   252 shows a two cluster sample division on a family rank level: ND and LD into one 253 group, and SD, VD, and MD into another. The PCA score plot ( Fig 5B) was in 254 agreement with the heatmap, indicating high fungal community similarity between 255 ND and MD and between MD, SD, and VD. ND and LD grouped to the right, and 256 MD, SD, and VD grouped to the left of the graph along the PC1 axis, with a total variance of 30.93%. The PC2 axis accounted for 26.42% of the total variances. The Monte Carlo test showed that the total explanatory powers of measure variables 261 explained 44.5% and 35.2% of the total variation in bacterial communities on the first 262 and second axis, respectively ( Fig 6A) . Results showed that soil bacteria under Table) .
266
For fungi, the Monte Carlo test showed that the total explanatory powers of the 267 measured variables explained 44.3% and 27.0% of total variation in fungal 268 communities on the first and second axis, respectively ( Fig 6B) . Results showed that Table) . Consistent with previous studies [19, 21] , increasing meadow degradation in our study 280 significantly decreased the soil nutrient status (Table 3) . This was due to a decrease in 281 plant coverage and biomass, a reduction in SM, and an increase in soil BD in 282 conjunction with degradation severity (Tables 1 and 3) , which could potentially lead 283 to nutrient leaching and contribute to nutrient loss [31] . In our study, both the bacteria 284 and fungi genera heatmaps showed a two-cluster sample division. The first cluster 285 was the ND and LD group, and the second cluster was the SD and VD group, which 286 first clustered together before clustering with MD, resulting in the second SD, VD, 287 and MD group. These results could be explained by a significant change in plant (i.e., 288 coverage and BGB) and soil (i.e., SOC, TN, NO 3 --N, NH 4 --N, SM, and BD) factors in 289 MD, SD, and VD compared to ND, while ND and LD exhibited no significant 290 difference in the above factors (Tables 1 and 3) .
291
About 79.7% and 71.3% of variation in bacterial and fungal composition could 292 be explained by soil physicochemical properties and plant characteristics, respectively 293 ( Fig 6A, B) , indicating that soil nutrient (i.e., SOC and TN) and moisture content, found that N fertilization significantly affects total bacterial community composition.
304
Conversely, increased N fertilizer dosages could potentially have a negative impact on 305 C cycling in soil while, at the same time, promoting fungal genera with known 306 pathogenic traits [38] . Moreover, the significant (P < 0.05) correlation found between 307 bacterial and fungal communities and plant BGB (S2 Table) demonstrates that The bacterial phyla in meadow soil investigated in this study exhibited low variability 316 in the different samples (Fig 2A) ; however, the composition of fungal phyla 317 significantly changed under conditions of degradation severity (Fig 3A) , indicating 318 that fungal communities are more sensitive to degradation than bacterial communities.
319
It was also reported that biotic and abiotic factors have a greater influence on fungi 320 than bacteria [41] . The higher sensitivity of fungi that have been reported by some 321 recent studies suggests that soil fungal communities are highly responsive to changes 322 in SM and soil nutrient limitations than bacteria [42] [43] [44] .
323
If fungal groups differ in their preference to substrate utilization processes [45] , 324 degradation-induced effects on biogeochemical properties will cause marked changes 325 in specific species [46] . In our study, we consistently found that the dominate 326 Ascomycota community structure significantly increased with increasing levels of 327 meadow degradation severity ( Fig 3A) . Growth rates of ascomycetes were correlated 328 to N availability, while their activity may dramatically accelerate C decomposition 329 [47] . Additionally, the abundance of Basidiomycota significantly decreased in 330 response to meadow degradation ( Fig 3A) . Basidiomycetes are widely recognized as 331 lignin decomposers [48] , and its capacity to utilize this recalcitrant substrate will 332 likely hinder the development of this fungal group given that we detected a reduction For the bacterial groups, the overall proportion of Proteobacteria generally 341 decreased while Actinobacteria generally increased in MD and VD compared to ND 342 and LD (Fig 2A) . This could have been because many members of Proteobacteria (particularly α-proteobacteria; Fig 2B) 
